Low quality and small size of X-ray images causes difficulties for doctors to diagnose comprehensively. This paper presents a panorama system for x-ray medical images with low quality and small size based on SURF. The main steps of this system are: first to enhance the low quality images by MSR; secondly, to match separated images by SURF; lastly to blend the images by multiband blending method. Experiments showed that the presented system can not only enhance the contrast and clearness of the medical image with low quality but also observe it synthetically.
Introduction
X-ray imaging is a widespread method in medical imaging [1] . Due to the size restriction of the X-ray device, the doctor can only get partial image in details. But in the practical application, doctors not only want to focus on details but also hope to get one panoramic image which can help them to gain more comprehensive information on the surroundings. The motivation of image stitching is splicing two or more images that own overlap regions, into a panoramic image to get a large size image. Owing to these advantages, stitching has been applied to many regions as Biological Sciences and Astrophotography. Also, image stitching becomes an oncoming issue in medical region [2] . As another issue, X-ray images may be unclear or their sizes may be small due to the result of some reason such as working environment or operation.
For the former issue, Ma Yongwei approached by mosaicking images based on SIFT [3] , the result of her system is shown in Figure 8 . For the latter issue, MSR (Multi-Scale Retinex) is usually used to enhance images in that MSR is a perception-based image processing algorithm that can provide color constancy and dynamic range compression [4] .
In general, stitching is constituted by two processes: Matching and Blending. Image matching is the process of finding the mutual relationship between images, which is crucial to stitching performance and speed. The traditional methods of image matching are Direct Method and Feature-Based Method [5] . The famous feature detection methods are SIFT (Scale Invariant Feature Transform) [6] and SURF (Speeded up Robust Features) [7] , because of their robustness to different deformations. Researchers have proved that the robustness of SURF is as well as SIFT, but much faster than SIFT [8] . So in this system, SURF was used to extract the feature points.
Image Blending is another important part of image stitching. There are also many methods for image blending, including linear blending, multi-band blending, fade-in and fade-out blending and so on. This paper chooses multi-band blending so that it can gain a seamless panoramic image easily.
The standard format of medical image is DICOM (Digital Image and Communications in Medical), but now the general image processing software of Windows cannot display and process images in this format [9] . Therefore our system first converts the DICOM format to the common image format, then process it in general image processing components.
In this paper, we will present a novel system for stitching medical images. The system is based on MSR image enhancement algorithm, SURF feature point selecting algorithm, RANSAC outlier correcting algorithm, and Multi-band blending algorithm. This paper is arranged as follows. Section 2 will show the pre-processing for the low quality X-ray images that contains the processes of DICOM image format conversion and MSR enhancement. Section 3 will describe the process of image stitching containing image matching and blending. Section 4 will show the experiment results of the present system. Lastly, section 5 will give some conclusions and future works. Original images used in this paper are shown in Appendix.
X-ray images Pre-processing
In many cases, the qualities of X-ray images are poor as the images are taken with low radiation dosage for safety. The standard format of medical images is DICOM for convenient image transfer. So this section will provide a process of converting DICOM format to BMP format and take advantage of MSR to enhance the poor X-ray images.
Converting into the general image file
DICOM standard is the international standard in storage and communication of medical image. DICOM file is composed by DICOM file Header and data elements. DICOM data element is constituted by Tag, VR (Value Representation), VL (Value Length) and Value.
According to the reference paper [9] , the process of changing DICOM to BMP is realized as the following:
Input: X-ray DICOM format image 1. Extract transfer syntax from Tag(0002 0010); 2. Check the transfer syntax ; 3. If (Transport protocol is Explicit VR) 4.
Read the data element in Explicit way; 5. Else 6.
Read data element in implicit way; 7. If (the consequent data is Big Endian) 8.
{ Read image data after Tag(7FE0 0010); 9.
Check the pixel bit; 10.
If (the pixel is not equal to 8-bit) 11.
Convert pixel into 0-255 gray scale; 12.
Else Display the BMP format images; 13.
End 
Enhancing X-ray images by MSR
MSR (Multi-Scale Retinex) is one of the traditional algorithms to enhance image contrast [4] . It originates from a theory on human color constancy. In our preexperiments, it shows the good performance for X-ray image contrast enhancement.
MSR is firstly proposed based on SSR (Single Scale Retinex) by Jason. SSR is defined by:
is Gaussian kernel used to convolute with ) , ( y x I i [10] .
MSR is the weighted sum of SSR output，which is described as: Figure 12 ) the enhanced images (a1), (b1), and (c1) are separately got. Figure 1 show the original image (b0) and the enhanced image (b1) together. Absolutely, the enhanced one is much clearer than the original one. Figure 1 . The upper one is an original dental X-ray image (b0); the under one is the enhanced image (b1)
X-ray images stitching
This section will discuss the main steps of image stitching; it contains the important process of image matching and image blending for image stitching. Meanwhile, SURF algorithm, the matching process, and Multi-band blending are simply described in this section. In addition, experimental results are shown.
Image Matching

Finding interest points by Fast-Hessian matrix
The first stage for making panoramic image is to find corresponding points between two images of the same scene. Feature points (interest points) are candidates of corresponding points. SURF is a scale and rotation invariant feature point's detection algorithm based on integral images, which can improve the speed greatly. The definition of integral images is explicitly presented in the paper [11] . Lowe's paper [6] uses difference of Gaussian to approach to Laplacian of Gaussian to preserve the property of scale-invariant, while SURF uses HessianLaplacian to enhance calculation speed. Fast-Hessian detector can be got from Hessian matrix in a point ) , ( y x X = at scaleσ , which is defined as:
is the convolution of image I at point X , with the second order derivative ) ( For scale space approximation, SURF applies upscaling box filters to cut the time consuming while SIFT uses Gaussian filters to reduce the image size [12] .
To localize interest points, first, remove the false determinant below a given threshold, and then apply nonmaximum suppression to the current point's 26 neighbours to get the candidate points. Lastly the maximal approx H is interpolated in scale and image space. Figure 3 shows the interest points extracted by "Fast-Hessian". Figure 3 . Detected interest points for the enhanced X-ray dental image (b1)
SURF Descriptor
Constructing SURF descriptor is divided into two steps: Dominant orientation and Descriptor Description [12] . In order to maintain the property of rotate-invariance, a reproducible orientation is identified for interest points. weight the responses with a Gaussian kernel and sum the responses and absolute value of responses over each subregion. Lastly, normalize the vector into unit length (see Figure 5 ). 
Matching
For our system, KNN is used to find the nearest neighbour. For every image, find k (k=2) candidate images with the most feature correspondences to the current image from all input images; and then use RANSAC [13] to estimate a model for finding the minimize error matches set [14] .
Comparing the distance of the closest neighbour to second-closest neighbour, if the result is less than the distance ratio (r=0.5) then maintains them, else removes [6] . The matching result of enhanced image (b1) and (c1) after RANSAC refined is showed in Figure 6 . Table 1 describes all the SURF key points and matched points of the enhanced input image. 
Image Blending
The motivation of the blending is to produce a seamless panoramic image. Because of the bright difference of the input images as illumination, a perfect blending algorithm is valuable. Our system uses Abelson's [15] multi-band blending method (2-band) which has proved particularly effective for image stitching without blurring and ghosting artefacts.
The main idea of multi-band blending is to blend low frequencies over a large spatial range, while projecting high frequencies is only over a short range. Then image is decomposed into a series of N band pass images by the Laplacian pyramid. The more details are described in paper [5] [15].
Experimental Results
The component construction of our system is shown in Figure 7 . The system is combined by two stages: X-ray image pre-processing and images stitching. In the first stage, the system converts DICOM image; standard medical image format to general images format and applies MSR to enhance the converted images. For the second stage, first the system extracts the SURF feature points and then finds the correspondences by KNN; secondly, RANSAC is used to correct the outlier and calculate the homography matrix; lastly, invoke Multiband blending to fuse the images. Figure 9 show the result of stitching system without MSR enhancement based on SURF and SIFT; while Figure 10 and Figure 11 are the stitching results with MSR enhancement based on SURF and SIFT. Figure 8 is the result of Yongwei's system while Figure  11 is the result of present system. Table 2 shows the processing time of present system. Meanwhile Table 3 gives the time consuming of Yongwei's system. The two tables proved that the two systems take similar time costing.
Comparing the results based on figures and tables, it is obvious that present result (see Figure 11 ) is much clearer than the previous system (see Figure 8 ) during the similar time spending. In conclusion, the present system enables us to examine X-ray image clearly and comprehensibly. 
Conclusion
In this paper, we proposed a panorama system for X-ray images. The experiments show that the system enables us to examine the several X-ray images with poor quality clearly and comprehensibly. While doing the experiments for present system, we found that the system was sensitive to the noisy images which had no overlap part with others. Concentrating on solving this problem will be use as our future work. Figure 12 give the original input images (a0), (b0), and (c0).
Appendix:
(a0) (b0) (c0) Figure 12 . The original input X-ray dental images (a0), (b0), and (c0)
